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Extension of Flory Theory to Some Simple Fluids at
Elevated Temperature
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Sound velocity in some simple fluids argon, nitrogen, and oxygen has
been evaluated over a wide range of temperature using Flory’s statistical
theory. The calculated values are compared with sound velocity obtained
on the basis of hard sphere model and perturbation theory. The present
values were found to be superior over the others.

INTRODUCTION

Successtul attempts have been made by several investigators for the evaluation
of sound velocity in molecular liquids and liquid mixtures from Flory’s statistical
theory!™ using Auerbach’s relation®. A number of workers®® have extended
Flory’s statistical theory for the evaluation of surface tension and sound velocity
in case of liquids metals, molten salts and molten salt mixtures respectively.
Pandey!® 2 and Misra!® have also extended Flory’s theory of the evaluation of
sound velocity in pure molecular liquids at elevated pressures. Recently Pandey
et al'® have also successfully calculated the surface tension and sound velocity
of Pb-Sn alloys using the Flory’s theory. It appears from the literature that no
attempts has so far been made for the evaluation of sound velocity in fluids over
a wide range of temperature using Flory’s theory. Although Purkait and Majumdar
calculated the sound velocity in fluids over a wide range of temperature using
Perturbation theory and compared the results with the experimental values. In the
present paper, we have evaluated here the sound velocity in liquid fluids. Ar,
N, and O, over a wide range of temperature in the light of Flory’s theory.

Theoretical

According to Auerbach’s” relation, the velocity of sound Uj is expressed by
the relation
23

(o)
Ur= (6.3 x 10 p) @)

where 0 and p are the surface tension and density respectively. According to
Flory’s theory the surface tension, o is given by
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o=0"5(V) )

where 6* and G(V) are the characteristic surface tension and reduced surface tension

- . . .16 :
respectively. The characteristic surface tension as given by Patterson and Rostogi ™ in
their extension of corresponding state theory”'18 can be expressed as

o= k1/3p*2/3T*113 3)

Here k is the Boltzmann constant, P* the characteristic pressure and T* is the
characteristic temperature. Starting with the work of Prigogine and Saraga'’ and
using Flory’s model of the liquid state, they also derived a reduced surface tension
equation’®
VIB_1, ¥®_05

= In—= 4
2 VB _1 “

G(V) = Mv—5/3 -

where V is the reduced volume and M is the factional decrease in the neighbour-
hood of a cell in the surface phase as compared to the bulk phase. Its most
suitable!’®? value is 0.29. Pandeym‘11 and Mishra!® have suggested some
modification to its previous values in order to obtain better results at the elevated
pressure. Recently Pandey et al®" and Chaturvedi et al® used an alternative value
in the case of molten salts and liquid metals. This value differs from those used
for molecular liquids and liquid mixtures. In the present paper, we have used 0.42
for M. The characteristic temperature and pressure were computed by using the
reduced equation of state as given by Flory, which is assumed to hold universally

but which avoids the urealistic parameter of intermolecular energy as stipulated
by theorem of corresponding state

VU 1
T T9Ao ©)

P and T stands for the reduced pressure and reduced temperature respectively
and are expressed by equation

oL . L g v 6)
oo v*
Equations (3) and (4) have been derived in the light of reduced equation of
state! >
3
& aT
V=[3+3(1T+1] ™
p oIV ®
Br
74/3
and T et — ©)
Y18 _
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where o and Pr are respectively the thermal expension coefficient isothermal
compressibility.

RESULTS AND DISCUSSION

The computed values of sound velocity using Flory’s theory vide equation (1)
of simple fluids Ar, N; and O, over a wide range of temperature are listed in
column six of Table-1, whereas the experimental!! value of U are shown in column
seventh. The expc:rimental13 values of thermal expansion coefficient isothermal
compressibility and other essential data for the evaluation of sound velocity, were
taken from the literature'>?2, The computed values of reduced surface tension

and surface tension using equation (4) and (2) are listed in column fourth and
fifth respectively.

TABLE 1
SOUND VELOCITY OF SIMPLE FLUIDS ARGON, NITROGEN AND OXYGEN
AT DIFFERENT TEMPERATURE

. Temperature ~ ~ c Ucal Uexp. A%
Fluid pli M ov dyne/cm  m/sec. m/soz. error
Argon 84 12975  0.0869 22.75 8569  860.2 04
86 1.3042  0.0852 2227 8502  846.8 0.4

87 1.3080 0.0843 22,04 8470 8400 08

88 1.3119  0.0834 21.81 8438  833.1 1.3

89 13157 0.0824 21.59 8408 8264 1.7

87.29* 13091 0.0841 22.09 8493 — —

Nitrogen 65 12718  0.0931 19.46 10752 8750 93
70 12975 0.0869 17.83 1032.1 9235 10.5

75 13209 0.0812 16.68 10049 873.0 13.1

80 13442  0.0761 1571 9834 8220 16.4

85 13684 0.0712 15.01 9720 7720 206

90 13928 0.0668 14.39 863.6 721.0 252

77.2* 13314 0.0788 16.11 989.8 — —

Oxygen 65 1.2057 0.1163 27.67 1055.2 1104.5 47
70 1.2217 0.1102 26.84 1047.5 1066.0 1.8

80 1.2539  0.0982 2521 1031.8  988.0 42

90 1.2559  0.0900 24.14 10306 9090 11.8

90.13* 1.2862 0.0899 24.07 1028.9 — —

*Boiling point of the liquid.

It is clear from the Table that the calculated values of sound velocity are always
decreasing similar to the experimental values, with increase of temperature.

Although equation (1) is empirical in nature, its validity is well justifiedzj, as
it gives a maximum error of + 4% for theoretical sound velocity results, if all the
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experimental data are precise. Since in the present case the experimental values
of surface tension of these fluids over a wide range of temperature , are not
available in literature only a compansion of the experimenal sound velocity with
those predicted theoretical is possible.

The percentage deviation between theoretical and experimental values are given
in the eight column of the Table-1. An inspection of the last three percentage
deviation between theoretical and experimental values lies between 0.4 to 25.2
with an average of 7.8. Thus agreement between the theoretical and experimental

values is satisfactory. Purkait et al"> computed the values of sound velocity U of
argon, nitrogen and oxygen over a wide range of temperature using perturbation
theory and hard sphere model. The average percentage deviations of their results
based on these theory from the experimental values are 29.1 and 37.2 respectively.
Therefore, it is clear from the Table-1 that Flory’s theory gives better agreement
with experimental values of sound velocity in comparison with other theoretical®
values. One may therefore conclude that Flory’s statistical theory can also be
applied in the case of liquid fluids over a wide range of temperature.
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